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(57) ABSTRACT

A power plant includes a gas turbine unit adapted to feed flue
gases into a diverter where they are divided into a recirculated
flow that is fed into a mixer together with fresh air to form a
mixture that is fed to a gas turbine unit compressor inlet, and
a discharged flow, that is fed into a CO, capture unit. A
monitoring system for the mixture oxygen content at the
compressor inlet is provided. The monitoring system includes
a recirculated flow mass flow rate sensor, a recirculated flow
oxygen concentration sensor, mixture mass flow rate sensors,
a control unit arranged to process information detected by the
recirculated flow mass flow rate sensor, recirculated flow
oxygen concentration sensor and mixture mass tlow rate sen-
sor, to determine an oxygen concentration upstream of the
compressor inlet.
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1
COMBINED CYCLE WITH RECIRCULATION
PLANT INLET OXYGEN CONCENTRATION
SYSTEM

RELATED APPLICATION

The present application hereby claims priority under 35
U.S.C. Section 119 to European Patent application number
10188018.5, filed Oct. 19, 2010, the entire contents of which
are hereby incorporated by reference.

FIELD OF INVENTION

The present invention relates to a power plant, in particular
to a power plant with flue gas recirculation and a CO, capture
unit.

BACKGROUND

Referring to FIG. 1, W02010/072710 discloses a power
plant having a gas turbine unit 1 that comprises a compressor
2, a combustion chamber 3 and a turbine 4.

A mixture 6 comprising fresh air 7 coming from the envi-
ronment is fed into the compressor 2 and flue gases 8 (deriv-
ing from the combustion of the mixture 6 with a fuel within
the combustion chamber 3) emerge from the turbine 4.

These flue gases 8 (that typically have a high temperature)
are preferably fed into a boiler 9 of a steam turbine unit 10;
within the boiler 9 the flue gases 8 transfer heat to water of the
steam unit 10.

From the boiler 9, the flue gases 8 are supplied into a
diverter 11, to be split into a recirculated flow 12 and a
discharged flow 13.

The recirculated flow 12 is cooled in a cooler 14 provided
on a flow path for the same recirculated flow 12; then the
recirculated flow 12 is supplied via a fan 15 into a mixer 16,
to be mixed with the fresh air 7 and form the mixture 6 that is
fed into the compressor 2.

The discharged flow 13 is cooled in a cooler 19 and is then
fed, via a fan 20, into a CO, capture unit 21 to be then
discharged into the atmosphere via 22; in contrast the CO,
that is captured in the CO, capture unit 21 is stored in 24.

Because of the flue gas recirculation, the amount of oxygen
atthe compressor inlet is lower than its amount in the fresh air.
In this respect, the fresh air oxygen concentration is typically
around 21 mol %, whereas its concentration at the compressor
inlet of a power plant with flue gas recirculation is lower or
much lower than 21 mol %.

It is clear that in case the oxygen amount at the compressor
inlet is too low, within the combustion chamber 3 the oxygen
amount would also be too low and could also fall below the
stoichiometric amount (i.e. the minimum amount theoreti-
cally needed to achieve complete combustion). In this case
incomplete combustion, with high CO, unburned hydro car-
bons and eventually flame extinction, could occur.

In case a plurality of combustion chambers, with a down-
stream combustion chamber fed with the flue gases still rich
in oxygen coming from an upstream combustion chamber is
used (sequential combustion gas turbine unit), this problem is
even more severe.

For these reasons, measurement of the oxygen concentra-
tion at the gas turbine unit compressor inlet is required.

Nevertheless, the flow conditions upstream of the com-
pressor inlet are very complex and are characterised by high
vortices, turbulence and ongoing mixing. In practice, a direct
oxygen concentration measure can not be carried out.
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2
SUMMARY

The present disclosure is directed to a power plant includ-
ing a gas turbine unit adapted to feed flue gases into a diverter
where they are divided into a recirculated flow that is fed into
a mixer together with fresh air to form a mixture that is fed to
a gas turbine unit compressor inlet; and a discharged flow. A
monitoring system for the mixture oxygen content at the
compressor inlet is also provided. The monitoring system
includes at least one recirculated flow mass flow rate sensor,
at least one recirculated flow oxygen concentration sensor, at
least one mixture mass flow rate sensor. The system also
includes a control unit configured to process information
detected by the at least one recirculated flow mass flow rate
sensor, at least one recirculated flow oxygen concentration
sensor and at least one mixture mass flow rate sensor, to
determine an oxygen concentration upstream of the compres-
sor inlet.

The disclosure is also directed to a method of operating a
power plant including a gas turbine unit adapted to feed flue
gases into a diverter where they are divided into a recirculated
flow that is fed into a mixer together with fresh air to form a
mixture that is fed to a gas turbine unit compressor inlet, and
a discharged flow. A monitoring system for a mixture oxygen
content ata compressor inlet is also provided. The monitoring
system in the method: detects a recirculated flow mass flow
rate through at least one recirculated flow mass flow rate
sensor; detects a recirculated flow oxygen concentration
through at least one recirculated flow oxygen concentration
sensor; detects a mixture mass flow rate through at least one
mixture mass flow rate sensor; and processes information
detected by the at least one recirculated flow mass flow rate
sensor, recirculated flow oxygen concentration sensor and
mixture mass flow rate sensor through a control unit, to deter-
mine an oxygen concentration upstream of the compressor
inlet.

BRIEF DESCRIPTION OF THE DRAWINGS

Further characteristics and advantages of the invention will
be more apparent from the description of a preferred but
non-exclusive embodiment of the power plant illustrated by
way of non-limiting example in the accompanying drawings,
in which:

FIG. 1 is a schematic view of a power plant; and

FIG. 2 is a schematic view of a portion of the power plant
upstream of the compressor inlet according to the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Introduction to the Embodiments

The technical aim of the present invention therefore
includes providing a power plant addressing the aforemen-
tioned problems of the known art.

Within the scope of this technical aim, an aspect of the
invention is to provide a power plant in which oxygen con-
centration measures at a zone immediately upstream of the
gas turbine unit compressor inlet are made possible.

The technical aim, together with these and further aspects,
are attained according to the invention by providing a power
plant in accordance with the accompanying claims.

DETAILED DESCRIPTION

In the following, reference is made to the power plant
already described, since the power plant in embodiments of
the present invention may have the same features.
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The power plant includes a monitoring system for the
mixture oXxygen concentration at the compressor 2 inlet.

The monitoring system comprises a recirculated flow mass
flow rate sensor 30, connected upstream of the mixer 16 and
preferably downstream of the diverter 11.

A recirculated flow oxygen concentration sensor 31 is also
provided upstream of the mixer 16; preferably the sensor 31 is
connected downstream of the cooler 14.

In addition, also sensors 32 of the mixture mass flow rate,
connected upstream of the compressor 2, are provided.

The monitoring system also comprise a control unit 35 that
is connected to the sensors 30, 31 and 32 and is arranged to
process the pieces of information detected by them, to attain
the oxygen concentration upstream of the compressor inlet
(i.e. at the compressor inlet).

In particular, processing is carried out on the basis of the
formula:

My [05] oM [05] =M, [05],,

wherein:

M, is the mass flow rate of the flue gases

[O,]y, is the O, mass concentration of the flue gases

M, is the mass flow rate of the fresh air

[O,]y, is the O, mass concentration in the fresh air

M,,, is the mass flow rate of the mixture fed to the compres-

sor

[O,],, 1s the O, mass concentration of the mixture fed to the

compressor.

Given that:

M, is measured by sensor 30,

[O,], is measured by sensor 31,

M, can be calculated from the difference M, -M,

[0,], is known and it is roughly equal to 23 mass %

M,, is measured by sensors 32
[O,],, can be precisely calculated.

Preferably, the control unit 35 includes a computer and
these calculations are implemented by program codes run-
ning on the control unit 35.

In different embodiments, the sensors 32 are traditional
mass flow rate sensors and thus provide a direct measure of
the mass flow.

In a preferred different embodiment, the sensors 32 pro-
vide an indirect measure of the mass flow rate. In this case the
sensors 32 of the mixture mass flow rate comprise a tempera-
ture sensor 37, a pressure sensor 38 and a guide vane position
control 39 (at the compressor inlet) that are connected to the
control unit 35 to supply it with pieces of information that are
processed in connection with compressor maps, to attain the
required mixture mass flow rate. These sensors are connected
upstream of the compressor in the sense that they give a
measure of the flow upstream of the compressor 2. It is any-
how clear that the guide vane control is connected to the guide
vane and generally to the compressor.

On the basis of the precisely calculated oxygen concentra-
tion within the mixture, regulations and operation control can
be carried out; for example the FGR ratio (i.e. flue gas recir-
culation ratio, defined as the recirculated mass flow rate
divided by the total mass flow rate passing through the gas
turbine unit) may be regulated to guarantee a minimum oxy-
gen concentration within the mixture fed to the compressor
inlet in all operating conditions.

Different embodiments are also possible. For example,
instead of two coolers 14 and 19, the power plant may also
have only one cooler located between the boiler 9 and diverter
11 (example not shown); in this case the sensor 31 will be
preferably located downstream of this cooler but after the
diverter 11.
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4

The present invention also refers to a method of operating
a power plant.

The method comprises detecting the recirculated flow
mass flow rate, detecting the recirculated flow oxygen con-
centration, detecting the mixture mass flow rate, elaborating
the pieces of information so detected, to attain the oxygen
concentration upstream of the compressor inlet.

Naturally, the features described may be independently
provided from one another.

In practice the materials used and the dimensions can be
chosen at will according to requirements and to the state of the
art.

REFERENCE NUMBERS

1 gas turbine unit

2 compressor of 1

3 combustion chamber of 1

4 turbine of 1

6 mixture

7 fresh air

8 flue gases

9 boiler of 10

10 steam turbine unit

11 diverter

12 recirculated flow

13 discharged flow

14 cooler

15 fan

16 mixer

19 cooler

20 fan

21 CO, capture unit

22 discharge to the atmosphere
24 CO, storing

30 mass flow rate sensor

31 O, concentration sensor

32 sensors of the mixture mass flow rate
35 control unit

37 temperature sensor

38 pressure sensor

39 guide vane position control

What is claimed is:
1. A power plant comprising a gas turbine unit adapted to
feed flue gases into a diverter where they are divided into a
recirculated flow, that is fed into a mixer together with fresh
air to form a mixture that is fed to the gas turbine unit com-
pressor inlet; and a discharged flow, wherein a monitoring
system for the mixture oxygen content at the compressor inlet
is provided, the monitoring system comprises:
at least one recirculated flow mass flow rate sensor,
at least one recirculated flow oxygen concentration sensor
configured to measure the oxygen concentration in the
recirculated flow that has been diverted by the diverter,

at least one mixture mass flow rate sensor, located down-
stream of the mixer, configured to measure the mass flow
rate of the mixture entering the compressor, and

a control unit configured to process information detected

by the at least one recirculated flow mass flow rate sen-
sor, the at least one recirculated flow oxygen concentra-
tion sensor and the at least one mixture mass flow rate
sensor, to determine an oxygen concentration upstream
of the compressor inlet.

2. The power plant as claimed in claim 1, wherein the at
least one recirculated flow mass flow rate sensor is connected
upstream of the mixer.
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3. The power plant as claimed in claim 2, wherein the at
least one recirculated flow mass flow rate sensor is connected
downstream of the diverter.

4. The power plant as claimed in claim 1, wherein the at
least one recirculated flow oxygen concentration sensor is
connected upstream of the mixer.

5. The power plant as claimed in claim 4, wherein a cooler
is provided downstream of a boiler on a flow path for the
recirculated flow, and the at least one recirculated flow oxy-
gen concentration sensor is connected downstream of the
cooler.

6. The power plant as claimed in claim 1, wherein the at
least one mixture mass flow rate sensor is connected at least
partly upstream of the compressor.

7. The power plant as claimed in claim 1, wherein the at
least one mixture mass flow rate sensor provides an indirect
measure of the mass flow rate.

8. The power plant as claimed in claim 7, wherein the at
least one mixture mass flow rate sensor comprises a tempera-
ture sensor, a pressure sensor and a guide vane position con-
trol.

9. The power plant as claimed in claim 8, wherein the
temperature sensor, the pressure sensor and the guide vane
position control are connected to the control unit to supply it
with information that is processed in connection with com-
pressor maps to attain the mixture mass flow rate.

10. The power plant as claimed in claim 1, wherein the
discharged flow is fed into a CO, capture unit.

11. The power plant as claimed in claim 1, wherein a gas
turbine unit outlet is connected to a boiler that is in turn
connected to the diverter.
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12. A method of operating a power plant comprising a gas
turbine unit adapted to feed flue gases into a diverter where
they are divided into a recirculated flow, that is fed into a
mixer together with fresh air to form a mixture that is fed to
the gas turbine unit compressor inlet, and a discharged flow,
wherein a monitoring system for a mixture oxygen content at
the compressor inlet is provided, the method comprising the
monitoring system:

detecting a recirculated flow mass flow rate through at least

one recirculated flow mass flow rate sensor,

detecting, through at least one recirculated flow oxygen
concentration sensor, a recirculated flow oxygen con-
centration in the recirculated flow that has been diverted
by the diverter,

detecting, through at least one mixture mass flow rate sen-
sor located downstream of the mixer, the mass flow rate
of the mixture entering the compressor, and

processing information detected by the at least one recir-
culated flow mass flow rate sensor, the recirculated flow
oxygen concentration sensor and the mixture mass flow
rate sensor through a control unit, to determine an oxy-
gen concentration upstream of the compressor inlet.

13. The method as claimed in claim 12, wherein the dis-
charged flow is fed into a CO, capture unit.

14. The method as claimed in claim 12, wherein the flue
gases from the gas turbine unit pass through a boiler of a
steam turbine unit and are then fed into the diverter.
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